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ABSTRACT:  This paper presents a case study of reinforced road embankment in geological condition in which soft 
soil is very thick. In-situ soil investigation reveals a 16 meters thick soft soil with  N-SPT of the soil ranges from 2 to 6, 
and dominated by clayey sand, peat and loose silty sand. Below the soft soil, medium dense sand with N-SPT from 13 
to 27 is located, overlying very dense sand with N-SPT above 60 at the depth of 24 m. The road is prone to excessive 
differential settlement and still undergoes, creating arching and cracks on the road with almost 1 km length.  Finite 
element modeling and back analysis were carried out to identify the process of consolidation and to predict future 
settlement if no countermeasure was undertaken.  A number of techniques in reinforcing the road embankment 
including raising the existing embankment, the use of bamboo reinforced piles and geogrid, micropiles with geogrid, 
micropiles with slab, and pile slab, were also evaluated,  in relation to their performances in increasing shear strength of 
the soft soil and reducing potential settlement. The simulation results suggested that the use of micropiles and geogrid to 
increase the stiffness and bearing capacity of soft soil would reduce potential settlement by 92%, while the use of 
micropiles with concrete slab just reduces those by  60%. In comparison, bamboos reinforced piles with geogrid just 
reduce potential settlement on the soft soil by 18%.  In case of the effect of those techniques on increasing the safety 
factor of the road embankment, micropiles with concrete slab performs better results with 5.84 SF, while micropiles and 
geogrid, and bamboo reinforced piles and geogrid just have 1.84 and 1.8 SF, respectively.  
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INTRODUCTION 
 
The development of infrastructures, particularly 
national artery roads connecting the cities in lowland 
areas, has been hampered by a short functional period of 
roads due to its pavement severely damaged by heavy 
load vehicles and low bearing capacity of soft soil. Most 
road pavement designs are susceptible to get failure 
since the design is poor of deep understanding of soft 
soil.   
Recent studies have been carried out, focusing on 
reinforcement of road embankment over soft soil. Weech 
and Lister (2009) report the implementation of wick 
drain and preloading prior to road construction, 
including the use of lightweight fill and geogrid-
reinforced concrete during the construction.  The 
instrumentation of monitoring was set up extensively 
consisting of settlement gauges, pneumatic piezometer, 
and inclinometer. Navin (2005) investigated deep mixing 
columns in improving soft soil under road embankment. 
Based on reliability based design, deep mixing column is 
recommended in practice. Batista (2003) evaluated the 
performance of sand column encased with geotextile in 
increasing the stiffness of soft soil, accelerating 
consolidation and reducing settlements. Balasubramian 
et al. (2010) examined the prediction of settlement on 
road embankment with geogrid reinforced pile supports. 
Eekelen et al. (2009) evaluated the use of piled 
embankment with geosynthetic reinforcement on soft 
soil. They examined EBGEO method to predict the 
settlement, validated with field test and numeric analysis.  
While extensive research presenting sophisticated 
techniques of soil improvement, the implementation of 
those techniques remains difficult for the case of the 
road construction project in Eastern Indonesia.  The 
selections of design are mostly based on available 
allocated budget from national or local government, and 
rely on the capability of local contractor to deal with the 
technologies.  Therefore, the techniques in reinforcing 
road embankment over soft soil, particularly for piled 
embankment with gesynthetic is necessary to be 
evaluated and their performances are needed to examine 
when they are applied in such specific geologic 
condition in West Sulawesi.  
 
 
 
CASE STUDY   
 
Arching and cracking road have become recent 
problem in the national artery road project. The road is 
connecting Mamuju in the West Sulawesi Province to 
Palu in the Central Sulawesi Province. The road is 
located at  Tikke, District of Pasangkayu, North Mamuju, 
or about 641.5 km from Makassar South Sulawesi 
(Figure 1). The road is about 3.35 kms long, situated at 
palm plantation with few numbers of residential houses.   
The problem of cracking can be obviously seen in the 
road, particularly in the left line for direction to 
Pasangkayu, and some parts in the right line for direction 
to Mamuju (Figure 2). Daily traffic in the road is low, 
dominated by light vehicles, but a number of heavy 
trucks loaded with palmoil are growing higher, 
comprising about a third of the total vehicles.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  The location of study.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  Cracking road. 
 
The history of road construction comes from a plantation 
road built by the palm company in 2000s. The area is 
originally swamp with quite thick peat soil (gambut). To 
build a road, the company filled the swamp with 
boulders and logs, before filling with soils. The road was 
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designed as temporary lines for heavy equipment in 
opening the land for palm plantation.  As the road was 
promoted as provincial artery road, the department of 
public works belongs to provincial government 
continued to widen and raising the road embankment. 
Every year since then, the road was found to be subsided.  
The problem has not yet be overcome and the road 
embankment continuously failure with excessive 
differential settlement (Fig. 3). 
 
 
 
 
 
 
 
 
 
Fig. 3 Cross section of typical failure of the road 
embankment. 
 
Geological Condition 
Typical soil in the area is sediment overlying mudstone 
and conglomerate of Formation Pasangkayu (Fig. 4). 
The soil comes from the deposition of plutonic rock 
Molengraaff during quaternary era (Calvert and Hall, 
2003). Pasangkayu Formation is very thick as about 
2000 – 2500 metres.  Main transport of the sediment is  
Sungai Lariang and the area where the road located is a 
part of Lariang watershed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4  Geological Map of North Mamuju (Calvert and 
Hall, 2003) . 
Soil Properties Data 
 
Soil investigation was conducted with a bor-SPT and 
dynamic cone penetration (DCP) at every 100 meters 
long. The result of the geotehnical investigation can be 
seen in Table1. Soft soil is found below the embankment 
down to the level -16 m. Clay sand, and clay sand with 
limestone are found at level -1 m to – 9 m, with N-SPT < 
10. This soil seems to be previous embankment, 
supposed to be filled since 2001. The thickness of 
embankment is totally 9 meters with poor quality, 
indicated by 38% LL, 24% PL, and 22% SL. This type 
of soil is normal clay, with activity index about 0.83 to 
0.86. The material for embankment is also used for 
making bricks by local people. Below the clay sand, peat 
is found with about 1 m thick with N-SPT of 2 to 4. 
Loose sand is found under the peat, with N-SPT about 4. 
The groundwater level is about a meter below the 
surface. Due to high precipitation, flooding is not often 
occurred in the area. 
 
Table 1.  Geotechnical parameter of the soil. 
 
 
FEM  MODEL  
 
FEM model using Plaxis was conducted to back analyze 
the process of consolidation in soft soil under road 
embankment.  The  parameter used in the model was 
derived from the data of bor-SPT and conversion to 
stiffness parameter using Bowles (1996) and Look 
(2009) tables.  The soil model is in MC model where 
sandy soils are drained and peat is undrained (Table 2 
and Fig. 5). The use of SS model was not implemented 
in this study due to SS data for peat seems to be 
inadequate for FEM simulation.      
5.5 m 
2  m 
1  m 
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Table 2. Material properties of road embankment. 
Parameter Unit Emb. Clay 
Sand 
Clay 
Sand 
Lms  
Peat Loose 
Silty 
Sand 
Medium 
dense 
sand 
Com
pact 
sand 
General 
Material 
Model 
Model MC MC MC MC MC MC MC 
Type Type Drd Drd Drd. Und Drd Drd Drd 
unsat kN/m
3
 18 16 16 12 16 16 16 
sat kN/m
3 20 19 18 14.9 19 19 19 
Parameter 
E kPa 31200 8000 7200 800 2400 5400 26000 
 - 0.3 0.33 0.33 0.35 0.3 0.3 0.3 
* - - - - - - - - 
* - - - - - - - - 
cohesion kPa 2 50 45 5 1 0.0001 0.0001 
  35 20 21 20 34 30 40 
Flow Paramer 
Kx m/day 1.0 1.0 1.0 0.1 1.0 1.0 1.0 
Ky m/day 1.0 1.0 1.0 0.02 1.0 1.0 1.0 
Initial 
K0 - auto auto auto auto auto auto auto 
OCR - 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
POP - 0.00 0.00 0.00 5.00 0.00 0.00 0.00 
Interfaces 
Interface 
strength 
 rigid rigid rigid rigid rigid rigid rigid 
Rinter  1.0 1.0 1.0 1.0 1.0 1.0 1.0 
MC = Mohr Coulomb, SS = Soft Soil, Drd = drained, Und = Undrained, 
OCR = Over Consolidation Ratio, POP = Pre-Overburden Ratio 
 
 
 
 
Fig. 5  Geometry model of  the embankment on soft soil. 
 
 
The load subjected to the embankment was applied 
based on standard vehicle load of 5 t/m
2 
which is 
assumed as static load. First stage of construction is 
defined as the filling of embankment over 10 days. After 
that, the load of 5 t/m
2
 was applied to the embankment 
over 30 days, and then consolidation was simulated for 
365 days.   It can be seen in Fig. 6,   deformed mesh was 
generated  with a  21.65 cm maximum vertical 
displacement. It can seen that the settlement occurs 
along the embankment and the uplift take place at about 
20 metres from the embankment toe. The failure 
mechanism shows deep sliding plane, propagated at soil 
under the embankment, rounding up to the surface 
beyond the embankment toe (Fig. 7).  Excess pore 
pressure occurs at the peat soil due to dissipation of pore 
pressure. This causes further settlement of the soil (Fig. 
8).  Phi/c analysis was conducted to obtained the 
incremental displacement in final step of failure which 
can indicate failure mechanism. The SF was found to be 
1.2. Failure mechanism obtained from FEM model has 
well agreement with real failure embankment in the field 
(Fig. 9). The settlement would be continuously yielded 
for another seven years before being stable. The 
consolidation degree is estimated at about 70%  – 80%.  
 
 
 
Fig. 6 Deformed mesh after embankment fill and loading. 
 
 
Fig. 7  Displacement increment in road embankment. 
 
 
 
Fig. 8  Excess pore pressure generated in the peat layer. 
Clayey sand 
Clayey sand with limestone 
Peat 
Silty sand, very loose 
Silty sand, medium 
Compacted sand 
3 m 
6 m 
1 m 
6 m 
7 m 
8 m 
45 m 
5 m 
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Fig. 9  Shading of total displacement indicates the most 
applicable failure mechanism of the road embankment .  
 
 
REINFORCED ROAD EMBANKMENT 
 
Results of back analysis suggested that the process of 
consolidation would undergo continuously in next future, 
causing severely differential settlement at the road, and 
distracting the flow of traffic. Therefore, available 
techniques could be utilized to countermeasure the 
ongoing settlement, including raising the embankment, 
reinforced bamboo piles with geogrid, reinforced 
micropile 12 m with geogrid, and reinforced piles 18 m 
with geogrid. These techniques are considered as 
workable technique for project situation (Figure 10). The 
use of PVD, however, might be not applicable since it 
necessitates the closing of the road for a long period 
(Table 3).  For the need of FEM model, the properties of 
bamboo, geogrid, micropiles and piles were employed 
(Table 4).  
The FEM simulation results show that  the increasing 
the height of embankment yields  immediate settlement 
about  6.23 cm in a month  after construction, and 9.90 
cm for two years construction (Figure 11). In total, the 
settlement is going up to 12.07 cm for five years period 
after construction. The failure mechanism is sliding at 
the top of slope embankment with a low SF of 1.13 . 
Excessive differential settlement is predicted to occur, 
leading to severe damage on the road pavement. The 
period of consolidation becomes longer, extending the 
consolidation period of the embankment. It can be 
suggested that the conventional method such as raising 
the embankment which is commonly used,  cannot 
stabilize the road embankment.  
Therefore, we also evaluated the use of bamboo 
reinforced pile to reduce the potential settlement of the 
road embankment. The use of bamboo for soft soil has 
been introduced recently. Bamboo can be normally a 12 
m long, but effectively used for reinforced pile in soil, 
just 4 metres long. To increase its stiffness, bamboos 
should be assembled to be a group of three piles. After 
the bamboos are driven into the ground, their heads are 
tied with steel wire. Such interface layer of sand about 
10 cm height above the bamboo heads should be placed, 
before establishing a geogrid mat as base for 
embankment foundation. It was found that the settlement 
of embankment reinforced by bamboo and geogrid can 
decrease to be 1.1 cm in a month and 2.2 cm after a year 
construction. Total settlement is 4.92 cm after five year 
construction (Figure 11). The SF of the embankment is 
1.80, with failure mechanism shown in Figure 13.  The 
bamboo reinforced piles and geogrid can reduce the 
potential settlement of the embankment at about 18%.  
 
Table 3  alternative techniques for reinforcement of the 
road embankment.  
 
Option Purpose Reliable and Risk 
Rising the 
embankment 
- to accelerate 
consolidation of the 
soft soil 
- to enhance vertical 
geometric of the 
road due to the 
road is subsided 
Settlement would still 
occur and become very 
obvious arching or 
cracking if the road 
construction is in flexible 
or rigid pavement 
Reinforced 
embankment with 
bamboo reinforced 
piles and geogrid 
- to minimize the 
potential 
settlement.  
Need to evaluate how 
much the settlement 
would be 
Reinforced 
embankment with 
12 m minipile and 
slab or geogrid 
- to minimize the 
potential 
differential 
settlement 
- should be evaluated 
potential settlement. 
- Construction cost would 
be higher. 
Reinforced 
embankment with 
18 m piles and slab 
- to eliminate effect 
of settlement on the 
road.   
- Settlement would be 
neglible and less impact 
on the road. 
- Construction cost is 
absolutely high. 
- Construction method is 
not workable for local 
contractor. 
  
 
Table 4  Material properties of structure reinfocement.   
  
Material model EA (kN) EI 
(kN/m2
/m) 
Fmax ten 
(kN) 
Fmax 
com 
(kN) 
Bamboo Elasto-
plastic 
98910 - 21200 4945 
Geogrid plastic 10000 - - - 
Micro-
pile 
Elastic 6000000 20000 - - 
pile Elastic 6000000 80000 - - 
 
In comparison, the use of  12 m minipiles and 
geogrid  has a significant effect in reducing potential 
settlement. It can be reduced by 92%. The settlement is 
0.1 cm, at a month and 0.37 cm at a year after 
construction (Figure 11). The total settlement is 0.48 cm 
for five years period with a 1.846 SF of the embankment.  
 
  B3 - 6 
 
 
 
 
(a) 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) 
Fig. 10 Available techniques can be employed in 
reinforcing the road embankment: (a) Raising the 
embankment, (b) bamboo reinforced piles with geogrid, 
(c) micropile reinforced with geogrid, (d) pile slab.  
 
While the micropiles with geogrid has a better 
performance, the use of micropiles with  a 30 cm thick 
concrete slab, shows quite different results. It still yields 
an immediate settlement 3.3 cm due to selfweight of the 
slab a month after consolidation. However, the 
settlement due to consolidation of the soil is low at 
around 0.2 cm in a year. Total settlement is 4.72 cm after 
five years construction (Figure 11). It was found that the 
micropiles with slab have been able to reduce the 
potential settlement by 60%, and the SF was found to 
increase significantly to be a 5.843.  
Pile slab with a 18 meters pile length was also 
examined in relation to its effect in reducing potential 
settlement of the embankment.  The simulation result 
shows the immediate settlement is just about 0.63 cm, 
and the consolidation is 0.23 cm per year (Figure 11). 
After that, the settlement becoming negligible, at about 
0.3 mm a year. Pile slab reduces potential settlement by 
76% while the SF of the embankment increases  to be a 
7.65. The failure mechanisms of each technique are 
shown in Figures 12 to 16. 
It can be seen in Figure 11,  12 m reinforced piles 
with geogrid performs better reinforcement of the road 
embankment with highest reduction of the potential 
settlement, followed by pile slab, and micropiles with 
slab. However, in case of safety factor, pile slab is 
pronounced to increase the SF of the embankment, 
followed by micropiles with slab. Further research is still 
recommended for undertaking field scale test of 
micropiles with geogrid in the area and investigating the 
effect of construction cost on selecting techniques of 
reinforcement of the road embankment.  
 
 
CONCLUSIONS 
1. Road embankment without any reinforcement 
has derived settlement at about 21.6 cm, and still 
continuously undergoes. The differential 
settlement is obviously seen as cracking; 
particularly the pavement is in flexible pavement.  
2. The use of micropiles 12 m with geogrid can 
increase the stiffness and bearing capacity of the 
embankment, reducing potential settlement by 
92%. On the other hand, 12 m micropiles with 
concrete slab also reduce potential settlement by 
60%. 
3. Pile slab with 18 m pile length just reduces 
potential settlement of the road embankment by 
76%. However, pile slab can increase the SF of 
embankment to be 7.65, the highest SF 
compared to micropiles with geogrid (1.846) and 
micropiles with concrete slab (5.843). 
4. Bamboo reinforced piles with geogrid can 
reduce potential settlement by 18% with SF of 
1.8.  
 
 
 
Clay sand 
Clay sand 
Clay sand with limestone 
geogrid 
4 m bamboo 
Clay sand with limestone 
Clay sand 
peat 
Silty sand loose 
Medium to dense sand 
geogrid 
 12 m micropiles 
Medium to dense sand 
Silty sand loose 
peat 
Clay sand with limestone 
Clay sand 
18 m piles with slab 
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Fig. 12    Failure mechanism of  increased height of 
embankment, SF = 1.13. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13    Failure mechanism of  Bamboo piled 
embankment with geogrid reinforcement,  SF = 1.8. 
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Fig. 14    Failure mechanism of  micropiled embankment 
with geogrid reinforcement, SF = 1.846. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 15    Failure mechanism of  micropiled embankment 
with concrete slab reinforcement, SF = 5.843. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16    Failure mechanism of  pile slab reinforced 
embankment,  SF = 7.65. 
